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[locTvkeHne MakcMarbHbIX XapaKTepucTuK
paguonokaumoHHbix cuctem (PJIC) Tpebyet
BCECTOPOHHEr0 aHanm3a u TiLaTernbHOM ONTUMU3aLIm
Kakmoro KomnoHeHTa 1 cbopoyuHoro yana PIIC. SddekTh
noTepb CUrHana, Bbl3BaHHbIE ANEMEHTaMI CUCTEMbI,
HEeNoCPEACTBEHHO XapaKTepu3yTCa TEPMUHAMM NOTEPb
B TpakTax nepegaun/npuéma B ypaBHEHUN SanbHOCTL
penctaus PJIC. Kak npasurno, nepegatyuk PI1C sensetcs
CaMbIM JOPOrUM KOMMOHEHTOM CUCTEMBI, KOTOPbIN
XapaKTepu3yeTcs HaBbICLLMM SHEPronoTpedbneHmem,
cambIMi CTPOrMU TPEBOBaHNUAMM MO OXMKOEHMIO W
HanBOMbLUMM BIMSIHNEM Ha XapaKTEPUCTUKM CUCTEMI.
MOLLHOCTb MOXET OKa3aTbCsi JOPOroW, 1 MoTepy
HEenocpeaCTBEHHO BbIYNTAKOTCA 13 3GHEKTUBHOM
mowHocTu PJIC. Hanpumep, notepu B

1 peumben UMEIOT Takow ke 3QdeKT, kak CokpaLleHe
moLHocTh Ha 1 meunben. Mpu nepeaaye MOLHOCTY B

1 MeraBaTT yBenM4yeHne ee Ha oauH aeumben ans
KOMMeHcaLm noTepb MOXET BbITb Joporum. Yem GonbLue
noTepb MOXHO MUHUMW3MPOBATL, TeM Ny4Lue. Vi3amMepeHus
noTepb 0COBEHHO BaXHbI [AN151 TaKMX KOMMOHEHTOB, Kak
(UnbTPbI, aHTEHHBIE MEPEKTTYATENM W LMPKYNSTOPbI,
KOTOpbIE PacnofioXEHbI MOCME YCUMUTENS MOLLHOCTH
nepegaTymka v nepes ManowyMsLLMM yCUnmuTenem
npUeMHMKa.

[Mpobnema

[ns npoBeaeHnst 6a30BbIX M3MEPEHMII NAPaMETPOB
PJIC v €€ KOMNOHEHTOB MOXHO UCMOMNb30BaTh MHOMME
n3mepuTenbHble Nprbopsl. BekTopHble aHanusaTopsl
Lienei YacTo sBnsioTcs 6ornee NpeanoyTUTENbHLIMU
“3MepuTENbHBIMM Npubopamm, KOTOpble Yalle BCero
MCMONb3YKTCS BO MHOMMX UCCNEA0BATENbCKUX 1
MPOM3BOACTBEHHBIX noapasaenerusx. OHn Takke
HeoBXoaWMbl ANs cneumanbHbIX UCTIbITaHNiA, B KOTOPbIX
TpebyeTcs npoBefeHne KanubpoBaHHbIX M3MEPEHUIA
asbl. BmecTe ¢ TEM, OHW SBNSKOTCS cambIMi AOPOTUMM
npubopamm, U Nx JOCTYMHOCTb MOXET ObITh OrpaH1yeHa
ANs OTBETCTBEHHbIX MCMbITATENbHBIX CTaHLMIA. CkanspHble
aHanW3aTopbl Lenei, Takne Kak aHanmn3aTopbl cepum
8757 komnaHuu Keysight, B HacTosiLee BpeMs CHATbIE
C NPOW3BOACTBA, B TEYEHIe ANMUTENLHOTO BPEMEHM
MCMONb30BanCh B KAYECTBE MEHEE 3aTPaTHOrO

TEXHNYECKOTO PELLEHS! [t UCTIbITAHWM, B KOTOPLIX HE
TpebyeTcs NPoBOANTL M3MEPEHME (has.

CkansipHble aHanuaaTopbl Lienen obnagatot
BO3MOXHOCTbI0 MPOBOANTL M3MEPEHNST METOLOM
CTUMYN/OTKMUK TaK1X MapamMeTpoB, kak Ko3dhduLMeHT
YCWIEHMS], BHOCHMbIE NOTEPM, aMMUTYAHO-4aCcTOTHas
xapakTtepuctuka (AYX) u obpaTHble notepu. AT
M3MepEeHNs UCNIONb3YITCS ANS onpeaeneHus
koachchuumeHTa nepegayn unm OTPKEHUs KOMMOHEHTOB
PJIC, Takux kak kabenu, unbTpsl U yCUnuTenu, a
TakKKe KOMMIEKCHBIX MOLCHCTEM, KOTOPbIE OXBATbIBAKOT
MHOXECTBO KOMMOHEHTOB, YCTPOICTB U kKabeneii.

Hwxe npusesieHbl criedytoLme npuMepb! XapakTepucTyk,
M3MEPEHHbIX METOAOM CTUMYI/OTKNKK:

— monoca nponyckaHns NoocoBoro dunbstpa (no
YPOBHI0 -3 Ab;

K03(hPULIMEHT yCUneHns n obpatHble notepu
yeunuTens;

robpaTHble NOTepU aHTEHHI;

HepaBHOMepHOCTb AYX (hunbTpa HKHNX 4acToT;
- AYX kabens.

B Teuenue 6onee yem 20 neT ckansipHble aHanM3aTopbl
Lenen cepuun 8757 komnaHum Keysight nogaepxusani
npoBeaeHue ucnbitanuii PJIC B paspabatbiBatowiyx,
MPOW3BOACTBEHHDIX U 3KCTNYaTUPYHOLLMX
nogpasgenexnsx. HeobxoaMmMocTs B AanbHENLEM
YMEHbLUEHUI CTOMMOCTU MCMbITaHWI NpuBena K
nosiBfIeHuIo eLwé 6onee NpoCTbIX M MEHee 3aTpaTHbIX
TEXHWUYECKUX peLleHmii ans obecneyeHns atnx 6a3oBbix —
HO OYEHb BaXXHbIX — M3MepeHnin napameTpos PJIC.



PeweHue

Vameputenu mowHocTh ¢ uHtepdercom USB cepumn U2000 komnanum
Keysight - 310 kOMNaKTHblE 1 NErkue n3mepuTenbHble Npudopsl,
CnocoBHbIE BbINOMHSATL TOYHbIE U3MepeHus MoliHocT PY 1 CBY
curHanos. lNpy 1cnonb30BaHUM BMECTE C Pa3BETBUTENEM MOLLHOCTY,
OTBETBUTENEM W VCTOYHUKOM CUrHasna OHW NO3BONSKOT B JONOMHEHME K
M3MEPEHNIO MOLLHOCTY NPOBOATL Takoke CKanspHbIii aHanua Lenen.

13mepeHust MeTogom CTUMYN/OTKAMK TPEBYIOT Hanmums NCTOYHMKA
Ansi NOAAYM BXOAHOMO CUrHarna Ha BXOL UCTbITYeMOro YCTPOMCTBa
(1Y) v nprémHuka (B LaHHOM Cryyae, U3MEPUTENS MOLLHOCTM) ANs
aHanusa AYX 1cnbITyemoro ycTpoicTBa. X0Td Ha YacToTax Bbllle
26,5 T MoryT NCnonb30BaThCs U Apyrine UMEPUTENN 1 NEPBUYHbIE
npeobpa3soBaTeny (aaT4ukm) MOLHOCTH komnaHum Keysight, ans
NPOCTOThI B JaHHbIX 3aMeTKax Mo NPUMEHEHMIO BHUMaHWe byaet
COCPeaOoTO4EHO TOMBKO HA UCTOMNb30BaHNM M3MepUTENei MOLLHOCTM C
nHTepdeiicom USB.

Kpome Hu3Ko# CTOMMOCTY JAHHOTO TEXHUYECKOTO PELLEHIS, CKanspHbIi
aHanwu3 uenei Ha 6a3e uamepuTenen MoLLHoOCTH ¢ HTepdencom USB
“MeeT psa NpuBnekaTensHbIX CBOMCTB. Hanpumep, oH obecneunsaet
LUMPOKIA AnanasoH U3MepeHns MoLLHoCT oT —60 Jo +44 fbwm,

B 3aBMCUMOCTU OT BbiGpaHHoro nameputens. OH obecneynsaet
MPEBOCXOAHY!0 TOYHOCTb 3a CYET MONHOCTBLIO KannbpoBaHHOTO
nepBuYHOro NpeobpasoBaTens (aaTumka), MeroLero abCcomnioTHy0
MOrpeLwHOCTb 13MepeHus He 6onee 3 npouieHToB. MorpeluHocTs AYX
MWHUMU3NPOBaHa W He npesbilwaeT + 0,1 Ab, a kannbpoBoyHbIe

K03 NLIMEHTBI XpaHSATCS B NaMSATV U3MEPUTENS MOLLHOCTU. BeposiTHo,
CaMbIM BaXHbIM CBOMNCTBOM SIBIISIETCS BO3MOXHOCTb [JBOAHOIO
MCMONb30BaHVS: MOMUMO TOYHOTO M3MEPEHIS MOLLHOCTH, U3MepUTENn
MOLLHOCTY C nHTepdericom USB mMoryT Takke ObiTb YCTaHOBIEHbI

QNS NPOBEAEHNS TOYHbIX CKANSPHbIX M3MEPEHA MOLLHOCTY C

HM3KMM YPOBHEM OBLLIMX 3aTpaT Ha Takyto ycTaHOoBKY. MoaknoyeHre

K KOMMbKOTEPY 1 @BTOMATU3ALMS U3MEPEHUIA YNPOLLIAIOTCS 3a CHET
BOCTynHOro 6ecnnaTHoro NporpamMmMHoro 0becneyeHs U CoenHeHIs
no uxTepdeiicy USB.

TOYHbIE N3MEPEHNS METOAOM CTUMYF/OTKMMK BbINOMHAKTCA C
1Cronb3oBaHWeM cregytoLuero 06opyaoBaHus:

M3MEPUTENY MOLLHOCTU € UHTEpdeircom USB cepun U2000;
reHepaTtopbl curHanos cepuit ESG/MXG/PSG;
LUMPOKOMONOCHbIE OTBETBUTENM;

— pa3BeTBUTENN MOLYHOCTU

B crepytowem pasgene onucaHsl Tpu Hanbonee Yacto 1cnonb3yemble
“3mMepuTenbHbIE KOHUIypaLmm, CoaepnTcs 0630p [OCTYNHOTO
nporpamMmHoro obecneyeHus Ans aBToMaTM3aLum 3MEPEHMIA U
CpaBHEHME TEXHNYECKNX peLLeHuit Ha 6ase cepuin U2000 n 8757.

3mepuTenbHble KOHpUrypaLmm

Kak 6bIno yka3aHo paHee, U3MepUTeny MOLLHOCTU C UHTEPECOM
USB cepun U2000 MoryT 06beanHATLCS € UCTOYHUKOM CurHana

11 pasBeTBUTENEM MOLLHOCTW UM OTBETBUTENEM ANS M3MEPEHUS
00paTHbIX NoTepb, kKO3dhdnLMeHTa Nnepegadn Unm notTepb npu
nepegave. B naHHoM pasgene onucaHbl Tpu KOHMrypawmm, KoTopble
MOrYT 1CMONb30BaThCA ANs U3MEPEHUs NapaMeTpoB nepeaayu,
napaMeTpPOB OTPaXeHHs, a Takke OLHOBPEMEHHOTO M3MEepEHMs!
napaMeTpOB Nnepeaayy 1 OTpaxXeHus.

13mepeHve napaMeTpoB nepegayu

CkansipHoe 13MepeHiie napameTpoB nepeaauym onpeaenset
K03(hhMLIMEHT Nepefayn Ui NoTepu Npu nNepeaade Ans UCTbITyemMoro
yctpoiictaa (/Y). Mpn ncnonb3oBaHUM 13mepuTenel MOLLHOCTY Cepum
U2000 gns n3mepeHns napameTpoB nepeaaydn MOXHO UCnonb30BaTh
[Ba MeTofa: M3MepeHne NapamMeTpoB Nepesaynt C BolpaBHUBAHUEM MO
YPOBHIO 1 3MEPEHIE NapaMEeTPOB Nepeaaym ¢ NOCTBbIPaBHUBAHMEM MO
YPOBHIO.

MorpeLLHOCTb ANs HaUXy/LWEro Cyyas npy U3MepeHii NapameTpoB
nepefayn onpefenseT coyeTaHme TpEX (hakTopoB: MOrPELUHOCT,
obycnoeneHHas AYX, NOrpeLUHOCTb PaccornacoBaHms B npoLecce
KanubpoBKM 1 M3MEPEHMS, @ TaKKe HENMHENHOCTb XapaKTEPUCTMK
u3mepuTenei MoLWHoCTU. lMpyn ckanspHoM aHanu3e Lenen ¢
ICNONb30BaHNEM U3MepUTENen MOLLHOCTM ¢ MHTepdeicom USB
norpeLuHocTs, obycnosneHHas AYX, MUHUManbHa, eCIn BbiNomnHeHa
KOPPEKLMS C 1CTIONb30BaHNEM kannbpoBOYHbIX KOA((MLINEHTOB,
3aMOMHEHHbIX B MAMSITV U3MEPUTENS MOLLHOCTW. [1OrpeLIHOCTb,
obycnosnerHas AYX, MoxeT ObITb eLwé bonblue yMeHbLLeHa, ecrn
nepen AeNCTBUTENbHBIM U3MEPEHUEM BbINONHUTL HOPMaNU3aLMio
1N kanubposky. MorpelHocTb, 06yCNOBNEHHAs HEMMHEHOCTBIO,
CBsi3aHa C OTKMOHEHWEM OT KBaZJpaTUYHOrO 3aKOHa XapaKTepuCTUKIA
Avoga u 00bI4HO He npeBbiLaeT 3%. MorpellHoCTI paccoracoBaHmus
B MPOLIECCe N3MepeHIs SBRSIKOTCA PesynbTaToM PaccornacoBaHmii

B MeCTax CoeIMHEHNN UCTOYHMKa ¢ Bxoaom WY v Bbixoaa MUY ¢
13MepUTENeM MOLLHOCTU. [leTanbHoe 0BCyxaeHe NorpeLiHOCTE npy
13MEpEHN NapamMeTpOB Nepesady, Koraa U3MeprUTENM MOLLHOCTM C
nHTepdericom USB 1CronbayoTes B pexvMe CkansipHoro aHanmsa
Lienew, NpuBEAEHO B 3ameTkax no npumeHermio Scalar Network Analysis
with U2000 Series USB Power Sensors (ckansipHblit aHanu3 Lienei ¢
VCMIONb30BaHNEM U3MepUTENE MOLLHOCTU ¢ uHTepdeiicom USB cepum

U2000) (Homep ny6nmkaummn 5990-7540EN)".



N3mepeHne napameTpoB nepeaaqu ¢
BblpaBHMBAHIEM MO YPOBHIO

B maHHoit koHurypaumum fobaBnseTcs passeTuTeNb
MOLLHOCTU, 4TOObI pa3faenuTb MOLHOCTbL CUrHana UCTOYHMKA
Mexgy ucnbiTyembim yctpoincteom (1Y) n BTOpbIM
n3mepuTenem mMowHocTu A (prcyHok 1). 3a CYET 0anHAKOBBIX
11 COrMacoBaHHbIX XapakTEPUCTUK Miey AenuTens ypoBeHb
MOLLHOCTI, MocTynatLLen Ha Bxog WY, paBeH ypoBHio
MOLLHOCTU, U3MEpEHHOI M3MepuTeNeM MOLWHOCTM A. Takum
006pa3oM, k03dhhULMEHT Nepeaayn MOXHO BbIMUCTIUTL

KaK pasHuLy Mexay YPOBHSMW MOLLHOCTM, KOTOPbIE Bblnn
M3MEPEHb! KXKObIM U3 ABYX N3MEPUTENEN MOLLHOCT!.

Mo cpaBHEHWIO C ABYMSI APYTUMW METO4aMM, KOHUrypaLms
M3MEPEHNS NapameTpoB nepefayn ¢ BbipaBHUBAHUEM MO
YPOBHI0 00XOANTCS HECKOMBKO AOPOXKE 13-3a A0DaBNeHNs
pa3BeTBUTENS MOLLHOCTY M BTOPOrO M3MepUTENsi MOLLHOCTH.
OpHako 3TOT MeToA npeanaraeT npenumylLecTso bonee
BbICOKOW TOYHOCTU M3MepPeHUs: Niobble N3MEHEHMS Ha BbIXOaE
reHepaTopa CUrHanoB nepeaarTcs Ha oba u3mepuTens
MOLLIHOCTM 11 MOSTOMY KOMMEHCUPYIOTCS NP BbIYKUCTIEHNN
koathpuLmeHTa nepesaum.

WuTepdeitc GPIB/USB

PucyHok 1 - MeTon namepeHns napameTpoB nepeaayn ¢
BbIpaBHMBAHWEM NO YPOBHIO NpeanaraeT npeumyLLecTso 6onee
BbICOKOI TOYHOCTY M3MEPEHS 33 CYET OTHOCUTENBHOMO U3MEpeHs C
1CIONb30BaHWEM [BYX U3MEpPUTENEi MOLLHOCTY

WN3mepeHie napameTpoB nepeaayn ¢
MOCTBbIPaBHUBAHIEM MO YPOBHIO

B aTOM TpeTbem BapnaHTe UCMONbL3YHTCS TE XE CaMble
annapartHble CPeACTBa, YTO W NpY U3MEPEeHUN NapameTpoB
nepenayn 6e3 BbIpaBHMBaHWS MO YPOBHIO, HO AobaBnseTcs
BOMONHUTENbHBINA LUar Ans kKanbpoBKM NOTEPb B TpakTe
nepefaym (pUcyHok 2). B maHHOM KoHdurypaumm cHavana
ncnbiTyemoe yctponcteo (MY) ygansercs, n uameputenb
MOLLHOCTI M3MEPSIET YPOBEHb MOLLHOCTW HEMOCPELCTBEHHO
Ha BbIXOZle CTOYHMKA; 3TW aHHble 3aNOMMHAIOTCS B Ka4ecTBe
MaccuBa KanmbpoBoYHbIX KO3((ULMEHTOB B 3aAaHHOM
AnanasoHe yactoT. 3atem WY ycTaHaBnMBaeTCs Ha MECTO, U
Ha ero BbIXOfe NpOu3BOAMTCS cOOp Apyroro Habopa AaHHbIX.
KoadhdmumeHT nepefaym BelMMCASETCS Kak pasHuLa Mexay
N3MEPEHHBIMU YPOBHAMM MOLLHOCTU U 3aNOMHEHHBIMI
[aHHbIMM M3 MaccuBa kannbpoBOUHbIX KOIPDULMEHTOB.

KoHdurypauus nameperus napameTpoB nepeaasm ¢
MOCTBbIPABHWBAHWNEM MO YPOBHIO SIBNISIETCS ELLE OOHUM MEeHee
3aTpaTHbIM TEXHUYECKUM PELLEHNEM, MOCKOMBKY HEe TPEBYeT Hu
pa3BETBUTENS MOLLHOCTY, Hi1 BTOPOrO M3MEPUTENS MOLLIHOCTMY.
TOYHOCTb 3TOrO TEXHUYECKOTO PELLEHUS JOMKHA ObITb NyyLue,
4eM B cnyyae KoHurypauum 6e3 BbIpaBHUBaHWS MO YPOBHIO,
MOCKONbKY B 9TOM CITyyae 3a CHET kanubpoBKK YCTpaHseTCs
BMUSIHWE W3MEHEHWI BbIXOAHOMO YPOBHS CUrHana MCTOYHMKA

B 3aJaHHOM [Mana3oHe YacToT. BmecTe ¢ TeM, TOYHOCTb
3TOr0 TEXHUYECKOrO PELLEHNS MOXET OblTb MEHbLLUE, YeM B
cryyae M3MepeHunst NapaMeTpoB Nepeaayy C BblpaBHUBAHUEM
MO YPOBHI0. OTO 3aBUCUT OT CTAOUIBHOCTY BLIXOBHOTO
CUrHana UCTOYHMKa B TEYEHWE BPEMEHHOIO MHTEPBana Mexay
COOTBETCTBYHLLE KanMBPOBKOIA M N3MEPEHNEM CUrHaNa Ha
Bbixoge MY.

WHrepdeic GPIB/USB
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PucyHok 2 - MeToa n3mepenms ¢ NoCTBbIPaBHYBAHUEM MO YPOBHIO
ABMNAETCS MEHee 3aTpaTHbIM Mpn Bonee BbICOKON TOYHOCTM



/3amepeHue napameTpoB OTpaxeH!s

CkansipHoe 13MepeHmre napameTpoB OTPaXKEHNS onpeaenser,
HaCKOMbKO 3GhHeKTUBHO 3HEPTMS NepedaéTcs K UCbITyeMOMy
yctpoicTay (MY). OHo SIBRSIETCS MEpOii BENMNYMHDI
paccornacoBaHus Mexay WY u nuHneii nepegaym ¢ BOMHOBLIM
conpotueneHnem Z0, 06bi4HO paBHbIM 50 OM. He Bcst sHeprus
najaloLLero curHana, HanpaeneHHoro k WY, nornollaetcs

NY. YacTb aHeprum He nornoLaeTes u oTpaxaeTcst 06paTHO K
MCTOYHWKY curHana. JQEKTMBHOCTb Nepeaayy SHEPIN MOXHO
onpeaenuTb NyTEM CpaBHEHUS NadatoLLero U OTPaKEHHOIO
CUTHarnoB.

Ha pucyHkax 3 1 4 nokasaHbl KOH(UrypaLmum YCTaHOBOK Anst
kanubpoBKN M3MEPEHUS NAPaMETPOB OTPAXEHNS N U3MEPEHMS!
napamMeTpoB OTPAXKEHUS C UCTIONb30BAHNEM M3MEPUTENS
MOLLHOCTU € uHTepdeiicom USB u reHepatopa curHanos. [ins
M3MEPEHNS NapaMeTPOB OTpaXeHst TpebyeTcs YCTPONCTBO
pasfeneHnst CUrHanoB, Takoe Kak pa3BeTBUTENb MOLLHOCTH,
HanpaBneHHbIA OTBETBUTENb UM MOCT. Pa3BeTBUTENb MOLLHOCTH
ucnons3yeTcs Ansg otbopa YacT MOLHOCTY NafatoLLero curHana
C Liernblo M3MepeHs nagatoLLei MOLHOCTI, a OTBETBUTENb
WCMONb3YETCA 418 NepeHanpaBneHnst OTPaKEHHOrO CurHana

C LieMb M3MepPEHIs OTPaXEHHON MOLLHOCTU. VcnbiTyemoe
yCTpOncTBO (1Y) NoaKmtovaeTcs K BoIXOAy OTBETBUTENS.

[ns naHHoro Buaa n3mepeHna HeobxoauMo CKOH(bMprMpOBaTb
YCTaHOBKM UCTOYHMKa CUrHana u uamepuTens MOLLHOCTH, Takue
KaK anana3oH 4acToT M YpOBEHb MOLLHOCTMW. Kak Tonbko atm
YCTaHOBKW HACTPOEHbI, OHU HE JO0IMKHbI N3MEHATLCA B NpoLiecce
N3MEPEHNA. OT0 NO3BONNT U3BEXATb BHECEHUS I'IOFpeUJHOCTeVI,
KOTOPbIE€ UHa4Ye He NPUCyTCTBOBAN Obl B M3MepVITeﬂbHOI7I
CUcTem.

Mpu KannbpoBke CUCTEMbI BbINOMHAETCS Kanubposka C
MCMONb30BAHNEM B Ka4ECTBE HarpysKil Mep XONoCToro

xoga (XX) 1 kopoTkoro 3amblkanust (K3), utobbl ycTaHOBUTL
OMOPHBIN YpOBEHb 0OpaTHbIX MOTEPb, COOTBETCTBYHOLLMIA

0 ab, v 3anomMHKTL AaHHble kannbpoeki B MK. [JaHHble
kanubpoBkW NpeacTaBnsioT coboi cpeaHee 3HaYeHe
kanmbpoBok ¢ ucnonb3oBaHrem mMep XX v K3. Kannbposka

¢ ucnonb3oBaHmem Mep XX u K3 npegHasHaveHa ans
YCTpaHeHust OLwNBKM KanmnbpoBku, 0BYCIIOBMEHHOM CyMMON
MOTPELUHOCTM HAaNpaBMNEHHOCTM W MOTPELLHOCTU COrMacoBaHms
B UCTOMHMKE. [leTanbHoe obcyxaeHne NorpeLuHoCTeN npy
M3MEPEHMSX NapaMETPOB OTPAXEHNS, NOCKOMbKY OHW CBA3AHbI
C MOrPELUHOCTBLH HANPaBNEHHOCTH, MOTPELLHOCTHH KannbpoBKM
1 9PPEKTUBHBIM COrMACcOBAHNEM B UCTOYHIKE, MPUBELEHO B
3ameTkax no npumeHermio “Scalar Network Analysis with U2000
Series USB Power Sensors” (ckansipHbIi aHanma Lenei ¢
CMOMNb30BaHMEM U3MEPUTENEN MOLLHOCTY € uHTepdeiicom USB
cepun U2000) (Homep nybnukaumm 5990-7540EN).

uTepheric GPIBIUS

e

PucyHok 3 - YcTaHoBKa Anst KanvBpoBKi M3MepeHus napameTpos
oTpaxeHus

Wutepdeitc GPIBIUSE
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chyHOK 4 - YcTaHOBKa AN M3MEPEHUs NapamMeTpoB OTpaXeHus



OpHOBPEMeHHOEe U3MepeHne NapaMeTPoB Nepeayn
W OTpaXeHus

VIMeeTcs BO3MOXHOCTb YCTAHOBUTb TPU M3MEPUTENS MOLLHOCTM
¢ untepcpenncom USB cepum U2000 anst ogHOBPEMEHHOTO
W3MEPEHNs NapaMeTpoB Nepeaadmn u oTpaxeHus. Ha pucyHkax
5 1 6 nokasaHb! KOH(MrypaLmn Ans kanubpoBKi 1 M3MepeHUs,
COOTBETCTBEHHO. Pa3BeTBUTENb MOLLHOCTY UCMONb3yeTCs

Ans 0Tbopa YacT MOLLHOCTY MafatoLLero curHarna ¢

LieMnb M3MepeHIs NagatoLLei MOLHOCTI, a OTBETBUTENb
MCIONb3yeTCs st NepeHanpaBneHnst OTPXEHHOTO curHana

C Lienblo M3MEpPeHns OTPaxEHHOM MOLLHOCTU. cnbiTyemoe
ycTponcTBO (MY) nogkntovaeTcs k Bbixogy 0TBeTBUTENS. Bhixog
WY nogknoyaeTcs K TpeTbeMy N3MEPUTESTIO MOLLHOCTU [15
M3MEepPEHMst MOLLHOCTW, npolueLen Yepes Y. Heobxoaumo,
4T0BbI NEpes U3MepeHeM Nosb30BATENb BbINOMHNN
kanmbpoBKy C 1CTONb30BaHWEM B Ka4yeCTBe Harpyaku mep XX,
K3 1 nepembluki. Kak Bbino pasbsicHeHo paHee, kanubposka

¢ ucnonb3oBaHnem mMep XX u K3 Tpebyetcs ans obecneyeHus
TOYHOCTM M3MEPEHUS MapaMeTpoB OTpaxeHus. Kannbposka no
nepembluke TpebyeTcs Ans 0becneyeHns TOYHOCTU N3MEPEHNS
napameTpoB nepeaayn ¢ Lenbk KOMNEHcaLMm NoTepb B TpakTe
nepefayn, CBA3aHHbIX C LONOMHUTEMbHBIM HanpaBneHHbIM
OTBETBUTENEM.

GPIB to USB connection

Power
splitter

Directional
coupler

Reflected, A

e
Incident, R

PucyHok 5 - YcTaHoBKka Ans 04HOBPEMEHHOTO U3MepeHus
koathuLmeHTa nepeaaym 1 obpaTHbIX NOTepb

GPIB to USB connection

Power splitter

Transmitted, B

Directional
coupler

Reflected. A -

Incident, R

PUCyHOK 6 - YcTaHOBKa ANst O4HOBPEMEHHOTO N3MepeHus
koacpchuumMeHTa nepeaayu 1 oGpaTHbIX NoTephb

OnTMKU3aLmMs CKOPOCTU OLHOBPEMEHHDIX
N3MepeHui

[insi NpUnoxeHwiA, B KOTOPbIX TPEBYHOTCS BLICOKIE CKOPOCTH
M3MEpPEHMIA, MOXXHO AOCTUYb CKOPOCTW U3MEPEHUS], PaBHOM

15 MC Ha OTCYET, NpU UCMONL30BaHUN U3MEPUTENEN MOLLHOCTM
P-cepun 1 nepBryHbIX NpeobpasoBaTenen (4aT4nkoB) MOLLHOCTY
C (PYHKUMEN BHELUHEro 3amycka N3MepeHuid Co CBUNMPOBaHNEM
MOLLIHOCTM Wi YacTOTbl. 3Ta PYHKLMS MOBOMSET UCTOUHIMKY
CUrHara 3anyckatb M3MepUTENb MOLLHOCTM, UCTIONb3YS BHELIHWA
TTJ1 curHan, ans 3axeata pesynbTata umepenus. Mocne

TOTO KaK pe3ynbTaTt u3MepeHus (0TCHET) ByaeT 3axsayeH,
M3MepUTENb MOLLHOCTW BbIBOAWUT CUrHaN 3amycka K MCTOYHMKY
CurHama anst nepexopa K cregytLLein YacToTHoO! Touke. ATa
nocrefoBaTenbHOCTb NOBTOPAETCA 15 KO0 YaCTOTHOM
TOYKW. Takast ABYCTOPOHHSS CBA3b, UCMOMb3YHOLLast MPOBOAHbIE
COEOMHEHNS MeXy ABYMS 3MEePUTENbHBIMM Npubopamu,
CnocobCTBYeT YMEHbLUEHMIO HEONPaBLaHHbIX NOTEPb BPEMEHM
Mpu CBSA3W, YTO MPUBOZMT K CHIDKEHIO OOLLEr0 BpeMeHH
CMbITaHWiA.

Ha pucyHke 7 nokasaHa KOHUrypawms Takow 3MepuTenbHoM
ycraHoBku. bonee nogpobHas nHdopmawwst 06 ucnonb3oBaHnm
3TON (hyHKLMM NpUBELEHA B 3aMETKaX MO NPUMEHEHMIO
“Maximizing Measurement Speed Using P-Series Power
Meters” (BocTveHMe MakcMManbHO CKOPOCTU U3MEPEHNI

Mpu NCMONb30BaHUN U3MepUTENen MoLLHocTH P-cepum) (Homep
nybnukauum 5989-7678EN3).

GPIE to GPIB connactinn GPIB 1o GPIE connection

GPIE to USE connaction

Trig Out Trig In ‘ Trig Iu]

LTy In Trig Qut | o

st

L

Power splitter

Transmitted, B ‘

7‘.‘”‘; _ j
L P g

Fnflacted A

Directional
coupler

-
Incident A

PucyHok 7 - KoHdurypauus ycTaHoBKM C ONTUMU3ALMEN CKOPOCTH
M3MEPEHNs NO3BOSISET AOCTUYL 15 MC Ha OTCYET



[MpoBeneHne n3mepeHui

Komnanus Keysight npegnaraet gns 6ecnnatHoro
1CNonb3oBaHNs AeMOHCTpaLoHHyto nporpammy (SNA Tool) Ans
Ka)KOOoW U3 M3MEPMUTENBHBIX YCTAHOBOK, ONUCaHHbIX B AAHHBIX
3aMeTkax no NpuMeHeHWto. 3Ta nporpamma AocTynHa Ans
ckaumBaHus ¢ web-caitta komnanum Keysight?. Mporpamma SNA
Tool HanpaBnseT nonb3oBaTens Npy NPOXOXAEHNM NpoLiecca,
BKITKOYAIOLLIErO MATb LUAroB, Ans YCTaHOBKM Tpebyemoit
KOHUrypaLmm, BeinonHeHus noboit Tpebyemolt kannbposku

1 NpoBefeHuns uameperus. [Mpumedanue: nsobpaxenus
nomy4eHbl U3 CNPaBOYHOM CUCTEMbI NPOrpamMmbl]

LWar 1: sanyck npunoxenus SNA Wizard (nokasaHo Huxe)

OTO NPUNOXKEHME BKMOYAET rpacpuyeckuii 3kpaH yCTaHOBKM
KOHDUrypaLmm 1 aBTOMaTUYECKV ONpeLensieT NoLCOeaNHEHHbIE
namepuTenbHble npubopsl. Mporpamma SNA Tool coBmecTMa
CO BCEMU n3mepuTensMn moLHoctu cepuin EPM, EPM-P n

P, a Taicke 13MepuTensamu MOLHOCTY ¢ HTepdencom USB
cepun U2000 komnanum Keysight. Kpome Toro, ata nporpamma
noaaepxuBaeT reHepatopsbl curHanos E4438C cepun ESG,
N5182A cepun MXG 1 E8267D cepun PSG komnanun Keysight.
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LLlar 2; koHMryprpoBaHWe NCTOYHMKA CUrHana u
U3MEPUTENS MOLLHOCTM
[Mo3BonsieT nonb3oBaTENto yCTaHaBN1BaTb Tpe6yeMble

napameTpbl, Takve Kak [1anasoH 4acToT, PEeXUMbl YCPeaHeHWs
W 3anycka.

LLiar 3: BbINONHEHWE KanmbpoBKM CKaNsPHOro aHanuaa
uenei (SNA) (nokasaHo Huxe)
Ha 3ToM Lware nonb3oBaTenb BbIMOMHSAET KanmbpoBKY,

Tpebyemylo ans BbibpaHHOI KoH(Mrypauun. B gaHHoM npumepe
nonb3oBaTensM npeanaraeTcs BbIMONHUTL YCTAHOBKY HyNs Anst

N3MepuTEneil MOLLHOCTH, @ 3aTEM - NMOLLArOBOE M3MEPEHHE
napameTpoB kannbpoBouHbix Mep (XX, K3 1 nepeMblukm).
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LLlar 4: BbINONHEHWE N3MEPEHNst CKanNsapHOro aHanunaa
uenen (SNA)

Ha aToM Lware HaunHaeTcs npoLecc N3SMepeHNA.

LLlar 5: 3aBepLueHne n3mepeHust (NokasaHo HuxXe)

Ha 3ToM Luare npoLecc n3MepeHus 3akaH4MBaeTcs, 1
MPOVCXOANT aHanM3 pesynbTaToB MMEPEHNS. 3aMETHM,
4TO 3aKnajku BOOMb BEPXHEN YacTy 3KpaHa Nno3BonsoT
npocmaTpuBaTh pesynbTaThl M3MEPEHUst MOLLHOCTH

ANS KaXOoro M3MepuTens, a Taike AaHHble pacyéToB
koadhchuLmeHTa nepeaaun u obpatHbix notepb. MoXHO
yCTaHaBNMBaTb MapKepbl, a YUMo oTobpaxaembix
rpacdukoB MOXET n3MeHsTbes. Knasuwa start/stop (cnpasa
BBEpPXY) N03BoNseT oTobpaxaTb pesynbTaThl N3MepeHus
nocneposatensHo. Homep rpaduka 1 CKOpoCTb U3MepEHMs
oTOBpakalTCsA BOOMb HUKHEN YacTy 3kpaHa. [JaHHble MoryT
ObITb 3aMOMHEHbI B S4€elike, ONPeAensemMoii NoNb3oBaTenem.
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CpaBHeHVIe N3MEPUTENBHOIO O60py,ElOBaHVIFI

MHTEepecHO CpaBHUTb TEXHUYECKOE PeLleHne AN

CKansipHoOro aHanusa uenei Ha 6ase usmepuTenen

MoLHocTH ¢ nHTepdeitcom USB cepum U2000 ¢ xopoLuo
3apeKkoMeH0BaBLLMM ceBsi CkanspHbIM aHanu3aTopom

uenei 8757. Ha pucyHkax 8 u 9 nokasaH Habop pe3ynbTaToB
M3MepeHUsi NapamMeTpoB Nepeaaydn 1 0TpaxeHus

cunbTpa HIKHNX YacToT (PHY). OHM Bbinu NpoBeaeHs C
MCMOMb30BAHMEM KaX4oro 13 YNOMSHYThIX TEXHUYECKUX
PeLUEHUit, U HanoXeHe pesynbTaToB M3MEPEHMIA NoKasano nx
CXOACTBO.

CRaBHEN e pesynbiaing WIEpEHNs NapaMeTpor
nepeaaun OHY & wipoxoll nonoce wactor
CpagHeHne pesyNETaToE WAMEDEREA NADaMETHOR

Koaddimument nepegayn/obparieie notepm (a5}
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(a) (b)

PucyHok 8 - 370 cpaBHeHWe noka3biBaeT ynyylleHne YpoBHS COBCTBEHHbIX LLYMOB () B XapaKTepucTukax nepefayn unbTpa HUKHUX 4acToT
BHe MOIOCkI MPOMYCKaHusl, HO NPy 3TOM HabnioAaeTcs cunbHas Koppensuus B nonoce nponyckauus (b).

CpapHenue peaynLTaTon HIMEPEHAN N3PAMETIDE OTRINCHAN CpapHenWe PEIYNLTATON HIMEPCHAN N2 paMETHDE
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PucyHok 9 - 310 cpaBHeHMe NoKa3biBaeT XOPOLLYH KOPPENALWI0 XapaKTEPUCTUK OTPaXEHUS (PUIbTPA HKHUX YacToT B LLIMPOKOWN NOMOCe YacToT
(a) . XapakTepucTukM OTpaxeHus nnbTpa BHe MONOCHI NPOMYCKaHWs NOKA3bIBAIOT XOPOLLY0 KOPPENsLMI0 Ans CKaNsPHOro n3meperus (b).



Tabnuua 1 comepxut 0630p, B KOTOPOM NPOU3BOANTCS
CpaBHEHWE Pa3nUYHbIX TUMOB N3MEPUTENBHBIX NPUBOPOB,
CMOCcOGHbIX BbIMOMHSATL CKansPHbIA aHanu3 yenen. 31o 063op
BKIOYAET CKanspHbIA aHanms Lenei ¢ Ucnorb3oBaHneM
CHSATBIX C NMPOM3BOACTBA NpnbopoB cepun 8757D koMnaHum
Keysight 1 ckansipHblil aHanu3 Lienei cnegyioLero noKoneHus
Ha 6a3e n3mepuTen en MoLWHoOCTU ¢ uHTepdeicom USB cepum

U2000.

Tabnuua 1 - BoamoxHble BapuaHTbl 060pyA0BaHNS 415 NPOBEAEHNS U3MEPEHMI METOZOM CTUMYIT/OTKINK

[NnHamnyeckunii ananasoH

[lnanasoH yactot

HenuHeiHocTb

Hal'lpaBl'IeHHOCTb

MorpeLHocTb U3MEpEHM
napameTpoB nepejauu

MorpeluHocTb M3MeEpeEHUA
napaMeTpoB OTpaXkKeHus

O6patHble noTepu AeTekTopa/Aatumka (Tun.)
Ha vactote 2 [Ty
Ha vactote 18 [T

MorpewHocts A4X B AnanasoHe a0 18 Ty

CkopocTb U3mepeHwmit

Llena

1. Mony4yeHo 13 BpoLLopbI C TEXHUYECKUMU faHHbIMK 8757D (Homep nybnukauumu 5091-2471E)

8757D, neTekTop W HanpaBMneHHbI MOCT
85027x

o1 —60 ao +16 ab

o1 10 Ml'u a0 110 My (3aBucwuT ot
[JeTekTopa)

He HopmupyeTca

40 pb no 20 I'T

36 ab a0 26,5 T

3006 po 40 IT

25 b no 50 My,

(3aBMCHUT OT MCMONb3yEMOro MocTa)

o1 ~0,5 10 2,3 b1
(AMHaMUYeCKan MOrpeluHoCTb + +
MOrPeLLUHOCTb PaccornacoBaHma)

B ocHOBHOM 3aBMUCKT OT HanpaBreHHOCTH
oTBeTBUTENA/MOCTa

20 ab
20 b

+0,35 b aAna npeunanoHHOro AeTekTopa
(mo 2 ab ana apyrux aeTekTopos)

o1 40 g0 400 mc Ha umkn pas3BEPTKM
(75 mc ana 2 rpadmkoB ¢ 201 Toukoid)

8757D (cHat ¢ npoussoactea): $21000
Hetekrop: ot $1800 a0 $2600
3akoH4YeHHoe TexHuyeckoe pelueHue (18
Mu):
~$67000 (Bkntouan UCTOYHUK CUTHaNa)
~$35000 (6e3 ncToyHuka curiana)

CkansipHblit aHanu3 uenen Ha base
n3meputenei MowHocTu cepun U2000

o1 —60 ao +20 abm (U2000A)
o1 —50 o +30 abm (U2000H)
o1 =30 po +44 nbm (U2000B)

ot 9 kl'u a0 24 Ty (3aBucHT ot
UCMONb3yemMoro U3MepuTena MOLLHOCTU
cepumn U2000) (ananasoH yactot A0
110 [Ty gocTyneH npu Mcnonb3oBaHUK
KOMOUMHaUMIA n3MepuUTeEneit MoLLHOCTU
1 NepBuYHbIX Npeobpa3oBateneii
(AaTyMKOB) MOLLHOCTM KOMMAHWK
Keysight. Cm. pasaen “VHchopmauua
AnA 3akasa” onucaHuii 4aTYMKoB
MUNNMMETPOBOTO AnanasoHa)

3%

3aBucuT OT UCNONb3YEMOT0
oTBETBUTENA/ MOCTa

[Mpumep: moct 86205A

40 pb no 2 Ty,

30 ab no 31Ty

20 ab no 5 My

16 46 no 6 I

ot ~0,3 no 0,5 ab
(norpewHocTs paccornacoBaHua +
HENUHeNHOCTb)

B ocHosHOM 3aBucuT OT
HanpaBfieHHOCTU OTBETBUTENA/MOCTa

40 nb
26 0b

+0.1 4B

~50 mMc Ha oTcuért
(~10 c Ha uukn passéptku ana 201
Toqkw)Z

3aKOHYEHHOE TeXHUYECKOE peLleHne
(18 I'uy):

~$40000 (BKntoyan MCTOYHMK
curHana)

~$14000 (6e3 uctouHuka curHana)

Bo3amo3HO yckopeHue 10 15 MC Ha OTCYET NPy UCMOMb30BaHWM U3MEPUTENEN MOLHOCTM P-cepun komnanum Keysight 1 nepBundHbIx

npeobpa3soBaTen e (AaT4MKOB) MOLLHOCTM C (hyHKLMEN BHELLHEro 3anycka u3aMepeHuii co cennupoBaHnem. MogpobHee cm. B pasaene

“OnTMmM3aLms CKOpOCTH N3MEPEHNIA”



Kpatkue BbiBOAbI

B TeueHne MHOMVIX NET MHXEHEPbI 1 TEXHUYECKME
cneynanucTbl, 3aHUMaloLLMecs ucnbiTaHnem 0bopyaoBaHms
PIC, ncnonb3oBany ckanspHblit aHanuaaTop Lenen

8757 komnaHum Keysight B kayecTBe NpeanoyTUTENbHOMO
M3MepUTENBHOrO Npubopa Ans CKansApHbIX M3MEPEHNI.

B HacToslLLee Bpems ckanspHbIil aHanu3 Lenen Ha 6ase
“3mepuTenei MOLWHOCTYH ¢ uHTepdeiicom USB sensetcs
anbTePHaTMBHBIM TEXHUYECKUM PELLEHNEM C O4EHb HI3KON
CTOMMOCTbIO W1 BBICOKOM TOYHOCTbHO M3MepeHnit. [ins
nabopatopuii, B KOTOPbIX YKe UMEETCH UCTOYHUK CUrHana,
3aTpaThl eLé bonblue yMeHbLIAKTCS, NOCKONbKY TpebyeTtcs
NproBPECTM TOMBKO M3MEPUTENM MOLLHOCTM C MHTEPENCOM
USB, pa3BeTBuTENb MOLLHOCTM W HAaNpaBIeHHbIA OTBETBUTESb.

/3amepeHune napameTpoB nepefayu Ha 6ase uameputenei
moLuHocTy cepun U2000 MOXHO 06nerdnTb npu NCnomnb3oBaHU
nporpammbl SNA Tool. [pumepsl U3MepeHuit BKIOYatoT:
rnonoca npomnyckaH1si NoNocoBOro urbTpa (Mo YPOBHIO

-3 0b), koathbuLMeHT ycuneHus 1 obpaTHble NOTepu
ycunuTens, obpatHble NOTepy aHTeHHsI, HePaBHOMEPHOCTb
AYX unbTpa HKHUX YacToT 1 AYX kabens.

CcbInku

' 3ametku no npumeHerunto “Scalar Network Analysis
with U2000 Series USB Power Sensors” (ckansipHblit aHann3
Lieneit ¢ UCMONb30BaHUEM U3MEPUTENEN MOLYHOCTH C
nutepcpeiicom USB cepun U2000), 8 anpens 2011 r.; Homep
nyénukauum 5990-7540E

2 Mporpamma SNA Tool, www. keysight.com/find/SNAsoft-
ware_download

s 3ameTkun no npumeHeHuto “Maximizing Measure-
ment Speed Using P-Series Power Meters” (gocTuxeHue
MakCUManbHOM CKOPOCTU U3MEPEHUI MPK UCTONb30BaHNUN
n3meputenei MowHocTn P-cepuu), Homep nybnmkaLmum
5989-7678EN
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